Helicobacter pylori is a microaerophilic, spiral-shaped and gram-negative microorganism that produces various virulence factors such as CagA, VacA, urease, and 
Introduction
Since the discovery of a spiral bacterium named Helicobacter pylori in 1982 by Marshall and Warren (Marshall and Warren, 1984) , a significant amount of attention is given to this pathogen of various human gastric diseases.
H. pylori is a microaerophilic and gram-negative
microorganism which colonizes the mucosal layer of gastric tissue (Tohidpour, 2016) . Two original morphological shapes, bacillary and coccoid, have been described for H. pylori. Although the bacillary form is clearly the predominant form, the coccoid morphology is the only form of H. pylori observed in vivo. It is thought that the bacillary form is virulent and the coccoid form mainly serves to protect the microorganism. The bacillary form of H. pylori is highly motile with multiple unipolar flagella (Chan et al., 1994; Covacci et al., 1999) .
H. pylori has successfully colonized the stomach of around 50% of the world population.
However, the prevalence of its infection varies within and between countries. The rate of infection depends on the socioeconomic levels as well as the genetic background and lifestyle of the hosts that are affected. In such regions as the East Asia and some parts of Latin America, the prevalence of infection tends to be high. In these areas, the initial encounter with the bacteria usually occurs in childhood, so that about 80% of the adult population will develop the infection by the age of about 20. In contrast, developed countries such as Europe, USA, or Australia, show less prevalence of H. pylori infection in children (aged below 10) and adults show a maximum 40% rate of infection (aged 30 to 40) (Konturek et al., 2005; Eusebi et al., 2014; Crew and Neugut, 2006; Graham et al., 1991; Yamamoto, 2001) . In 1955, the overall prevalence of H. pylori infection in children in St. Petersburg, Russia, was 44%. Ten years later this rate decreased to 13%, probably due to the significant improvement of household hygienic practices and use of anti-H. pylori eradication therapies. In fact, several studies showed that the rate of H. pylori infection is significantly higher in rural areas compared to the urban sites, which further approves the effect of lifestyle on the disease incidence by H. pylori (Malaty, 2007; Tkachenko et al., 2007; Dore et al., 2002) .
H. pylori produces many enzymes that facilitate colonization; such as catalase, phospholipase, thioredoxin reductase, and urease. Urease is a hydrolysis enzyme, which breaks the urea into ammonium and carbon dioxide and therefore provides an ammonia foam which protects the bacteria from the harsh acidic environment of the stomach (Chan et al., 1994; Covacci et al., 1999; Cover and Blaser, 1992; Weeks et al., 2000; Windle et al., 2000) . The bacterium usually enters the stomach through the fecal-oral route, but it can also contaminate food or water. However, the person-to-person contact, especially within the families is known as the primary source of contamination (Nurgalieva et al., 2002; Klein et al., 1991; Hopkins et al., 1993) .
H. pylori has a colonization site specificity to the gastric epithelium and uses its polar flagella to actively attach to the epithelium and resist the gastric flow which normally removes the hostile pathogens from the gastric lumen. H. pylori then migrates to the surface of epithelium, the pyloric antrum, which has a higher pH (6-7) and is optimal for the growth and colonization of H. pylori strains (Eaton et al., 1989; Scott et al., 1998 ).
Major virulence factors of H. pylori
Adaptation of H. pylori to survive in the acidic niche of gastric epithelium has enabled it to induce severe pathological outcomes such as gastritis, peptic ulcer, and gastric cancer. (Tegtmeyer et al., 2011; Neel et al., 2003; Tsutsumi et al., 2003) .
CagA can also interact with host proteins in a phosphorylation-independent fashion. One of the most well-described proteins which interacts with CagA in this manner is an adaptor protein named Grb2 (growth factor binding receptor protein 2). CagA binding to Grb2 activates
Ras and elevates the cell motility, and induces a scattering phenotype Mimuro et al., 2002) . Development of gastric cancer (adenocarcinoma) is a multistep process, -Infante and Gisbert, 2014; Gisbert et al., 2000) . Although the latter method proved significantly effective, due to various reasons such as genetic polymorphism, smoking habits, and bacterial resistance to antibiotics (Graham and Fischbach, 2010; Gasparetto et al., 2012; Xie and Lu, 2015) its efficacy has noticeably decreased. Another more efficient regimen of therapy is called bismuth quadruple therapy, which includes a combination of bismuth subcitrate potassium, tetracycline, and a proton pump inhibitor (Kim et al., 2015) . The quadruple therapy method has been remarkably successful in eradicating clarithromycin-resistance cases of H. pylori infection (Papastergiou et al., 2014 ; (Walduck et al., 2015) .
The development of a successful anti-H. pylori vaccine is restricted due to several factors (Sutton and Chionh, 2013 
